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ABSTRACT 



Amethod for producing superalloy weld wire and weld wire 
S fewer' inclusions, and specifically fewer ha ma 
Sons, and superalloy weld wire p**» 
containing superalloy weld wire, produced by th s metboa 
£3d iLludJproducing direction^ sohdifie »* 
rod in a diameter of less than about Vi inch. The rod 
nreferably is produced by investment casting or by conUnu- 
STcSto" The directional solidification process route in 
Z S inclusions such as oxides and dir. segregated into 
p c mons of the casting where they are ^ 
'cast rod can then be formed tnlo semi-hmshed we'd w^e 
using a single extrusion step, followed by grinding to the 
final required diameter. 

13 Claims No Drawings 
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..,.,„,x,o The DiDe ivpically is cut into standard lengths of 25 inches 

METHOD OF MANUFACTURING .J^S 'There is no restriction on the length into which 

SUPERALLOY WELD WIRE ^ ^ ^ lh£ , englh being limiled as a fu nct ion of the 

size and capability of the extrusion press. Canmng entails 

FIELD OF THE INVENTION 5 placing a plurality of one inch diameter bars in a can with an 

HLL ,.. tnr i nerl 0X ide such as alumina oxide or silica, and sealing the 

Tnis invention generally is directed to a method for ner, ox d ^n ^ ^ wMng , The 

manufacturing weld wire having reduced inclusion and ^^j- . extnjded f nt0 rod having a dia me.er of V. 

specifically at a method for producing superalloy weld wir canned pipe s e ^ ^ ^ 

for use in repair of superalloy articles for which inclusion ^ inch J^, vanations are the n ground from 

control is important. (h(j exterior 0 f t h e rod. Of course, since only inclusions on 

BACKGROUND OF THE INVENTION the exterior are removed, internal inclusions are extruded 

SuperaUoy weld wire used for welding superalloy com- along the ^^^^^^^ 

ponents is available commercially, but hasbeen found prone ,s '^^^^g'Sr of about 0.042 

to oxide inclusions. It was determined that these oxide 15 ^ ™* f ta X!he inclus ions having been 

,1 ^,ns Unless the welder is very skilled, the during th c solidification process melt at temperatures sig 
Z uln 7r ^ ncorpomed imo the weld. The non-metallic 20 ni „ C ant.y higher than the melting temperatures of the su P er- 
S undesirable discontinuity in an allov metal) the oxides do no. dissociate during the welding. 

rh'ffc;L T smeta,l,cma,rix,an d ,i„,hewo.,case, ^-^^^ 

SonSuces sraS What is needed is a method of producing superalloy we d 
Z h ve Ten transferred to the weld wire, which, up until wire thal has red uced non-metallic inclus.ons, so that we d- 
now have teen "ccepted as inherent in the process of meDls produced by such weld wire result in cleaner welds 
nMucTg the weld wire. Casting involves melting metal of 30 conlain " ing fewer non-metallic inclusions, thereby resulting 
the desired composition and placing it into a mold of in fcwcr rework cycles and lower repair costs, 
preselected shape where heat is withdrawn. For weld wire t-uc 1NVE NTION 
the superallov metal is cast into pipe using metal molds. The SUMMARY OF THE IN VbN l tut 
solidification process progresses as heat is extracted from , roveinenls in manufacturing technology and materials 
the mold surface. As the heat is extracted, small crystals 35 f ^ rorrnance an d reduced costs for 
begin to form at the mold wall and grow as a substantially ^ ^ cominuing and often inlerre- 
equiaxed-grain structure. As the metal transforms from J ovemenls in processes and materials have resulted 
liquid to solid at the solidification interface, shrinkage ^ ^ repair cycles for parls used in 
results from the solid metal occupying less volume than the engines yhe presen , invenllon IS one 
liquid metal. This shrinkage is not a problem, so long as 40 s rovcmcnt . A method for producing weld wire 
molten metal is available to supply metal to the area ot sue fa ^ fonh ^ melhod 
shrinkage. The cylindrical molds currently used to produce ^ ^ ^ Moy of a prelected 
the castings for the weld wire have a solidification interlace ositjon Ue casting is accomplished in a mold having 
thai advances from the inner surface of the mold into he f ^.^ ^ - s shapwJ in a rod size of a 
molten metal as heat is extracted outwardly through the 45 ™ c ° d dia 8 me , er ^ molteD me tal filling the rod- 
mold wall. If the solidification interface progresses radiaUy V ^ ^ ^ direclionallv Rifled by conven- 
completely across the cylindrical pipe-like molds used lor v dir e Ctiona i solidification technology, llie directiona 
weld wire before the molten metal below it has solidified, udification ermits control of the solid/liquid metal 
then feed metal is prevented from reaching this portion ot ^ lha( heal cons i an il y is withdrawn away from the 
the casting. Thus, as this molten metal freezes, there is no 50 ■ ' interlace as a)lumnar grains gr(lw by advancing 
path for additional molten metal to feed the region, and b ^ me|h(x| of solidinca , ion sllb . 
shrinkage cavities result. It has been found that undesirable eliminates the formation of shrinkage cavities and 
inclusions, such as oxide inclusions and other impurities, ^ columnar grains grow by a dvanc- 
lloat to the surface of molten metal during solidification , into V ^ ■ impuritics such as oxid cs and dirt 
ingot where they can be removed. When the feed path for 55 j rf from ^ advancing grains and arc not 
molten metal is closed, not only is there no pa h to , rap ped within the ingot as it solidifies. The impurities in the 
supplying additional molten metal to compensate tor f 1 Z foxid dirtand other non-metallic inclusions gather 
shrinkage, but there is no path to allow thc inclusions to float q£ ^ (o ^Vy, so thai they can 
to the surface of the mold. The result * that these areas of injjM I P^^ 

shrinkage, which when extensive are referred to as. pipe or J rod . s haped castings have solidified and the 

which appear as localized areas of porosi ty to ac a Ata to : P ^ ^ B removed , the y can 

collector areas for oxide inclusions, dirt pother impurities k ™ g y rf kcted equa , 

formed during the solidification process. Once the poros y 'P^f^Se , hen ^ J 0 a hairier of mal- 

andtheassociatednon-metamcinclusioiKareformedwith, |g a ble^rnetal Because the^onlainer is disposable, i, is 

the casting, there is no practical way to remove them. 1 he 65 a „ inexpe n S ive material such as steel, 

casting is then removed from the mold, typically by grind- *^ ^ ^ J fa by an 

ing. 
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inert material .ha, wil, no, affect the rods during sub^uen, welders are -Je ,o de.ec, ^-^^Jfe 

mechanical processing. The tilled container a then sealed by "^^^ remova , Most o£ the welders lack lh.s stall 

placing a cap on it, which is welded in place. ^ ^ indusions are often fused into the metal as it 

The filled container is then extruded to a preselected Most of lh c inclusions arc detected by nondcslruc- 

diameter in a conventional manner for manufacturing we d 5 ^ ( ^ removedi althougn a £ e w go undetected. It is 

wire The weld wire is removed from the container, typically niM . d lnal despite the most careful procedures utilized, 

by destroying the extruded container by grinding. , he processes currently used in manutactunng supera toy 

An advantage of the present invention is that weld wire weld wire inherently result in inclusions. It was ^na mu 

ma^inacoXce with the present invention has improved , he mclusions are present very early in te.af 

Xlliness^he impurities associated with oxide inclusions, « during lh e original casting of the weld meld. 

t^:LJ^™-^M^****>!>- Subsequent processing only causes the . in— o J» 

stamially reduced or eliminated. Because these impurities slrung out in the axial direction of the weld wire as the cast 

are always transferred to the weld pool during welding supera ll 0 y material is extruded into weld wire, 

ouerations there is a reduced tendency for the structures Efforls |0 im rove lhe quality of the weld wire used ui 

£ welded to incorporate these impurities. These » raltov wek ling clearly must initiate in the casting cycle, 

impurities when present in sufficient amounts, can form ^ effor(s thal generally can produce cleaner castings and 

defects and even lead to cracking. Thus, welds made using in particular , cas , in gs in which any hafn.a formed during .he 

weld wire of the present invention do not require exceptional ; tion can be rem oved to areas of the casUng in 

Soil ,„ accomplish and require less repairs. which the ha£nia can be readily detected and easdy ^ moved 

Another advantage of the present invention is that weld " have not bee n implemented in the superalloy welding . area^ 

wi^made "Luce with the present invention has a Mlboagh the initial costs of production are ^fica" y 

1 e h —nous chemical composition. This eliminates higher * 0 prodllc e the clean cast material that ulUma. ly 

n^lenT.™. Id with segregation, such as cracking due f ^ ults in clean weld wire, the advantage P™'d f <° *» 

* ^ 8 .Tnla tvnicallv results in grinding of at least some casting, also referred to as lost wax. 
S^torKc grinding operation is W efd wire produced in accordance with the present 

ssessrsssssssz as^i-s^ 

B 45 about Va inch. 
""S features and advantages of the presen, invention 

will be apparenl from the following more detailed descnp- most effecuve — z > n J °^ r re ? solidificalion , 

tion of the preferred embodiments which illustrate, by way ^^^^^ f p ? efcrre d grain orientation 

of example, .he principles of the invention. ^ which ^ rational solidifi- 

DESCR1PT10N OF THE PREFERRED " calion is well-known and is accomplished by withdrawing 

EMBODIMENTS heat from the mold containing the molten metal from one 

Welding of superaHoy articles, such as turbine blade lip *"{«J^*£2J ^Zt^Jl 
repairs, requires exceptional cleanliness. ! he portion of an quen.ly ™™^ foll opposite heal removal 

article such as a turbine blade tip that is repaired ,s very 5S ^^^^^^^^^ 
smallsothatevensmallinclusionscanresultinadefectthat by h chill, the J*"^™ a , h * hich heal is 
requires removal and repair. In a more extreme case, the wi 1 be the area opposite ihecta n g ^ 

weld wire that is asclean as possible. Any inclusions that are suDstam y ^ ihan 

presen. in the weld wire, such as ox.de inclusions and d, U 65 an lead t , (o noai (o ^ surface 

^^7,^ ^X^eULLauseofthemethodofsolidiHcation, 
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it 1S significant* .ess Ukely tha, these impurities will be ^^J^S^^S^^tSi 
trapped within (he cast material. Instead, these rmpun .es o produce d o y y, ^ 

rod has been produced in the srze range ot less than h men, rcp<mcu,<. j i„„, n , P jf n ,„miliic. 
and oreferablv about K inch in diameter, and subsequently The present invention has been .mplemented fin produc 
mechTnicallv wo ked into supera lov weld wire, ingweld wire from superalloys having a face-centered cubic 

ZSSltoy rod m this size range using well- 25 is evident because the directional so idifica ion re ults ^ 

known principles of continuous casting. Briefly, continuous columnar grains being formed roughly parallel to the rod 

S gradually and continuously withdrawing a axis so that the <1M> ^^"^J^ 

rod-shaped ingot from one end of a mold having the ability with the rod axis. Beneficially the <100> 

o connnuouslv withdraw heat, such as a water-cooled mold, direction is also the direction of maximum ductility for he 

irrC IT 1 is fed com nuouslv into the opposite end 30 FCC structure, the most embrittled region being along the 

J he moW Mhough the initial investment in equipment gram boundaries. As a result, the subsequen ex oisio n c c e 

and set up would be considerable, the cos. of producing is performed in the direction of max.mum duct hty o that 

ontinuous cast rod in production quantities could be accom- extrusion is no. only easier, but less cracking o he we d 

rTshe 1 at considerable savings over investment castings, wire occurs during the extrusion process, resulting in higher 

o£ any polns of the rod-shaped ingot that contain ^^^g^^^^^ 
impurities, the rod-shaped tngot is cut into preselected Kcnc i*-, n g ^ ^ 

lengths, if required. Typically, these lengths are about two 40 of about ^fo^^MKCo, about 6.15% Al, 

from a si/e of about 1 inch in d.ameter to a size ot % inch Rene 142 has a £° ^™P™ ' ? U I _ 14% C o, 

in diameter. Also, because the prior art method requires bo 0.1-0.15% £ . bout 

removalofthecanbygrinding.whichresultstnlossofsome ab out ^ ^ * °* 5 ™f ^™ x ^ Rc / abou( 

of the stock materia, used for weld wire, the present inven- 5 o 4-7%_W, ^ou^% Al, about ^ ^ ^ ^ y 

lion improves yield. . substantial absence of Zr, Ti and V and 

The rod-shaped ingot is placed into .malleable container, aba a %, he ^ ^ 

preferably a steel container. The conla.ner is li led with an ^Jatan« Hi J rf abou( 

inert oxide, preferably silica or alumina, and extruded to the C0 ^~ a ^ ut x 3^ j 0 % Hf, about 11.45-12.05% 

final diameter. This extrusion step can produce weld wtre of 55 0.1-014* C abo ut 1^ , ^ 

any diameter, from 0.015 inches .0 0.100 aches However ^0 a bou. 6 0- 6.50/ la 5 .94-6.307% 

the rod is extruded ,0 a size slightly larger than the required ™^ aboul 0.01-0.02% B.up to 0.03% 

final diameter, which is usual y in the range of abou M. aoou t - w- . cb 

0.040-0.050 inches and preferably in the range of ^"^jj ( ma X ) up to about 0.5% Y and the balance Ni 

0 04?-0 045 inches. After the extrusion operation, the con- 60 10 u. 1- m 1 ym^h } 

^rcanmng is split and the weld wire is^eejed awa, ^^^L^^ 116 , urbine b.ades 

SSSS^ " 3SS£Sfc!8SlS5 
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tips repaired without requiring rework lo remove weld welding having a preselected diameter; and 

defects The skilled welder improved his yield rate from removing the wire from the container. 

91% to about 94%. Surprisingly, the welder of average skill 5 2 ^ mcthod o£ daim j wncr cin the step of casting a 

improved his vield rate to about 90-91%. The weld wire of allov int0 a mo id includes casting the superalloy by 

the present invention, in addition to being less expensive lo inv&slmem casting . 

produce, results in significantly lower costs to the end user } ^ rf c]aim 2 whercin , hc step 0 f investment 

as repair yields are significantly improved and the pool ot ^ ^ a lurahty q{ superaUoy rods in a 

available welders to produce the improved yields is sigmfi- 10 ^ t 

cantly expanded. 4 Thc met h 0 d 0 f claim 1 whercin the superalloy is 

Although the present invention has been described in co[)tinuousl cas , 
connection with specific examples and embodiments those ? ^ of y wnerein ttie presc lected super- 
skilled in the art will recognize that the present invention is • consisting of nickel-based 
capable of other variations and modifications w, hm Us loj - * cobal , ba J d su P peralloys . 
scope. These examples and embodiments are intended as sup - herein (hc super alloy 
typical of, rather than in any way limiting on, the scope ot 6. The meth d 

Z present invention as presented in the appended claims. "^^Z^ ^ 6 wherein the selected super alloy 

T^;Z^!^7rS^ „ r^Ht, about ,',% Re and the balance Ni and 

■ 1. incidental impurities, 

directions so.idifying the rod-shaped .ngo, by feeding J^^^^^tS^ 

SS-S ^fft rs^ direc,ion 18 allsned 50 

taneouslv causing impurities and inclusions to segre- w the direct, °"^d oi c "wherein the step of extruding 

' metal substantially parallel to the axial election ot the ^^|^ claini , wherein lhe step 0 f filling the 

rod-shaped ingot; Qf ^ CQnlainer with an ine rt oxide additionally 

following completion of solidification, removing a por- 35 sekctinc an inert oxide from the group consisting 

tion of the rod-shaped ingot having inclusions and ^ ^ 

impurities; n The me thod of claim 1 wherein the step of cutting the 

cutting the rod-shaped ingot into a plurality of preselected rod . shaped j ngo t into lengths of about 25 inches. 

lengths; \2. The method of claim 1 wherein the preselected 

niacins a plurality the preselected cut lengths of rod into 40 diameter ls about Va inch. . . 

a container; 13. The method of claim 1 wherein the weld 1 wire is 

filling the remaining volume of the container with an bert extruded to a diameter in the range of 0.040-0.050 inches. 

oxidc ' . ***** 
capping the container; 



04/07/2003, EAST version: 1.03.0002 



